Supplementary Information Text Observed ozone feature
To get a better understanding of the medium and severe pollution conditions, we calculated the MDA8 exceeding 110 ppbv with coverage of 25% and 50% of the North China Plain (NCP), shown in Table S1 . The area coverage percentage was calculated using the interpolated 0.5°× 0.5° grids, and only areas with data was used as the base area, which is about 32% of the entire NCP area. In 2017, there are two events covering half of NCP areas, June 15-17 and July 1-3. In addition, there are two events lasting 8 days, June 14-21 and June 26-July 3rd in 2017, covering a quarter of NCP region. For the other three years, the medium pollution events covering 25% last 2days or less, and no events covering 50% of the region.
Model evaluation of WRF
The evaluation of WRF was shown in Table S3 . Hourly temperature at 2-meter (T2), specific humidity at 2-meter (Q2), wind speed (WS10) and direction (WD10) at 10-meter. The Meteorological Assimilation Data Ingest System (MADIS) data was used for the hourly evaluation. A total of four sites was available in NCP (black hexagons shown in Fig. S1 ). The benchmark was listed in the right side of Table S3 .
Model evaluation of MDA8 ozone
A total of almost 200 observational sites, located in the NCP (red dots in Fig. 1 ), was interpolated to same grid as CMAQ simulations and the performance generally satisfies the threshold proposed by US EPA (USEPA, 2007) . For instance, the recommendations by US EPA (2007) is 15%/35% for mean fractional bias (MFB)/mean fractional error (MFE) and the numbers located on the bottom right of the scatterplots (Fig. 8) indicate that the lower values of MFB/MFE at -7%/16% satisfy the benchmark. Table S2 . The classification of MDA8 ozone (larger than 110ppbv) during two events (June 14-21 and June 26-July 3, 2017) based upon daily precipitation and wind speed in NCP. For each category, there are two types of numbers: the total occurrences of days and observational stations (station locations are red dots shown in Fig. 1 ) with MDA8 ozone exceeding 110 ppbv during event 1 (June 14-21; third column) and event 2 (June 26-July 3; fourth column). The total number of occurrences is listed in the last row. The relative (percentage) contribution for each category (occurrence divided by the summation) was listed in the fifth column (event 1) and sixth column (event 2). 
Daily precipitation (mm)
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